Japan v" The authors report the cases of 32 patients with aneurysms measuring 2.5 cm or greater in diameter found among 1080 patients with saccular cerebral aneurysms. Of the 32 patients, 24 patients were treated by direct operation, four by common carotid ligation, and the other four by conservative therapy. The appropriateness of surgery and surgical method are discussed.
B
ETWEEN 1961 and 1975, we have treated at our clinic 1080 cases of saccular aneurysms, of which 32 cases (3.0%) were found to have aneurysms with a maximum diameter of 2.5 cm or more, based upon findings at surgery and cerebral angiograms. In general, direct surgery on giant aneurysms is difficult, and carotid artery ligation is currently thought to be expedient, depending upon the location. At our clinic, however, we have been actively pursuing a policy of direct surgery in these cases; the rate of surgical treatment has now reached 75%. We report the symptoms, treatment, and follow-up results of these 32 patients with giant aneurysms, and the appropriateness of surgery.
Summary of Cases

Case Material
The 32 patients all harbored aneurysms of a saccular type, measuring at least 2.5 cm at their largest diameter. There were 16 males and 16 females. Their ages at the time of hospitalization ranged from 16 to 69 years, averaging 49.1 years, with a peak in the fifth decade. The average age at the onset of symptoms was 45.7 years. Initial symptoms were due to subarachnoid hemorrhage (SAH) in 23 cases (71.9%). In nine cases (28.1%) symptoms were due to the aneurysm itself, leading to pressure phenomena in eight cases (including diplopia, eyelid ptosis, and visual acuity and visual field impairments); in the ninth case, hypopituitarism was found. On admission, 26 patients had SAH, and 21 patients had pressure phenomena; all of the latter patients presented some sort of ocular symptoms as well. Details of the symptoms are presented at Table 1 . The locations of the aneurysms were as follows: the internal carotid artery in 15 cases (including seven cases of infraclinoid aneurysms, some intracavernous); the anterior communicating artery in nine; the basilar artery in four; the middle cerebral artery in three, and the anterior cerebral artery in one. Two patients with anterior communicating artery aneurysms and one with an anterior cerebral artery giant aneurysm had multiple aneurysms.
Treatment
Surgical treatment was undertaken in 28 cases (87.5%), 24 (75%) by direct operation and four (12.5%) by common carotid ligation. Conservative therapy was instituted in four cases. Direct surgery was applied whenever possible on all aneurysms except those on the infraclinoid portion of the internal carotid artery. Neck ligation and clipping were performed in 12 cases, excisions in 10 cases, and trapping in two cases. Ligation and clipping were performed primarily on aneurysms of the internal carotid arteries, and excision in most cases of anterior communicating artery aneurysms and basilar aneurysms. Of the four cases treated conservatively, one patient had a basilar artery aneurysm which consequently disappeared, and three had internal carotid artery aneurysms, two of which were of the infraclinoid portion.
Direct surgery was carried out under hypothermic anesthesia or under the administration of 500 to 1000 cc of 20% mannitol with normothermic, normotensive anesthesia for prolongation of the permissible occlusion time of cerebral arteries? ,8,1~ Treatment of the aneurysm neck was accomplished during temporary occlusion of afferent arteries.
Surgical exposure was planned to visualize and identify the afferent and efferent arteries. For *SAH = subarachnoid hemorrhage; ICA = internal carotid artery; ACoA = anterior communicating artery; MCA = middle cerebral artery; ACA = anterior cerebral artery.
aneurysms of the anterior communicating artery, bilateral frontal craniotomy was employed. The subtemporal approach using a keel-form incision in the temporal region has been used for aneurysms of the terminal portion of the basilar artery, and special care was taken with regard to compression of the temporal lobe. In this type of case, temporary occlusion of the basilar artery was performed for an extended period, so the patient's age, and the degree of arteriosclerotic change and its relation to blood flow had to be considered in determining the applicability of surgery.
Since giant aneurysms are characteristically mass lesions, extirpation subsequent to neck treatment was generally our first choice. However, in cases of broadnecked aneurysms, partial ligation and clipping followed by muscle wrapping were sometimes necessary to prevent kinking. In cases where severe arteriosclerotic changes were found in the parent artery, carotid ligation was undertaken to avoid vessel obstruction due to the kinking or release of an atheromatous plaque caused by occlusion of the neck. 
Results of Treatment
The results of direct surgery at discharge in the 24 cases showed: six excellent results, six good, three fair, and four poor; five patients died, a mortality rate of 20.8%. The morbidity rate (poor cases and deaths) amounted to 37.5% (Tables 2 and 3) .
Except for one patient who was operated on while in a coma, death during hospitalization was due to problems with the treatment of the aneurysm neck. Two deaths followed kinking of the internal carotid artery after ligation; one patient with a broad-necked aneurysm died from edema following trapping of the internal carotid artery. The remaining patient died after an extirpation procedure in which treatment of the aneurysm neck was incomplete and hemorrhage occurred postoperatively.
Of the four poor results, three patients had basilar artery aneurysms and developed hemiparesis postoperatively, and two of them also showed psychiatric disturbances. The fourth patient with a poor result had an aneurysm of the middle cerebral artery and developed an obstruction of the artery peripheral to the site of the aneurysm after excision.
Follow-up study ranging from 6 months to 12 years revealed a general tendency of improvement. The one death occurring during the follow-up study was attributed to pneumonia. Results at discharge and on follow-up study according to the sites of the aneurysms are presented in Tables 3 and 4 .
Of the four cases treated conservatively, three patients had internal carotid artery aneurysms, two of which were of the infraclinoid portion. One patient died of hemorrhage during hospitalization, one had diplopia as the only deficit 2 years after rupture, and one patient with supraclinoidal aneurysm was hospitalized in a comatose state and died shortly thereafter. The remaining case had a giant ruptured Giant intraeranial aneurysms *ACoA = anterior communicating artery; ACA = anterior cerebral artery; ICA = internal carotid artery; MCA = middle cerebral artery; BA = basilar artery. basilar artery aneurysm, 4.9 cm in diameter, but after 16 months angiograms revealed that it had disappeared.
Discussion
Reports of giant aneurysms, including discussions of size, symptoms, and angiographic features, are frequently seen in the literature, but the precise definition of the size of giant aneurysms has not yet been decided. In the cooperative study reported by Locksley e and the report of Morley and Barr/ aneurysms were defined as giant when the largest diameter was 2.5 cm or more. According to Morley, the incidence of giant aneurysms was 4.2% (28 giant aneurysms among 658 aneurysm cases). In our institute, we have found an incidence of 3% (32 giant aneurysms among 1080 cases). It is generally believed that giant aneurysms are more frequently found in women, but in our series we found equal numbers of male and female patients. We found considerable differences in aneurysm location; of the 15 internal carotid aneurysms, two were found in males and 13 in females, but of the nine patients with anterior communicating artery aneurysms, all were male. Although it is thought that giant aneurysms are numerous in patients over 50 years of age, we found a peak in the fourth and fifth decades with a distribution similar to that of normal aneurysms.
Giant aneurysms, as distinctive space-occupying lesions, induce pressure symptoms other than SAH, but are sometimes mistaken for brain tumors such as parasellar, pituitary, and posterior fossa tumors. The incidence of pressure symptoms is high according to Morley and Barf (24 out of 28 cases). On the other hand, rupture of giant aneurysms is generally thought to be rare' since calcifications are relatively frequent and laminated thrombi protect against rupture. Morley and Barr reported that eight of 28 such cases bled (one of 11 intracavernous cases and seven of 17 extracavernous cases). BulP also reported a low incidence of hemorrhage with only six hemorrhages in 22 cases. Nonetheless, Morley and Barr emphasized that, in contrast to intracavernous cases, there is a danger of hemorrhage in extracavernous cases, even in giant aneurysms. We have found a high incidence of hemorrhage (81.3%). Furthermore, a detailed study of their medical histories indicated that in 15 of the 26 rupture cases, patients experienced two or more hemorrhages over an extended period of years. Pressure symptoms, normally preceding those of hemorrhage itself, present opportunities for early discovery, and thus may give the impression of a low incidence of hemorrhage? Besides hemorrhage, death can be caused by increased intracranial pressure manifested by symptoms relating to declining visual acuity, psychiatric disturbance, the lower cranial nerve, and brain-stem pressure.
The prognosis of conservative treatment for extracavernous giant aneurysms is clearly poor 8,r considering the effects of pressure symptoms and the fact that, although giant aneurysms are not thought to rupture easily, hemorrhage has occurred unexpectedly often. Finally, since most reports of death due to hemorrhage have mentioned the existence of laminated thrombi, and since Taveras and Wood ~ have reported a patient whose death may have been caused by hemorrhage from a calcified aneurysm, the view that aneurysms that have formed a thrombus or have calcified do not hemorrhage is not entirely correct. We feel that there is a danger of rupture and recommend radical surgery whenever possible for cases of extracavernous giant aneurysms.
Conclusions
Except for giant aneurysms of the infraclinoid region and those on the basilar artery, we believe that safe, effective treatment of intracranial giant aneurysms can be obtained by exposing and treating the aneurysm neck during temporary occlusion of the afferent arteries under the administration of 500 to 1000 cc of 20% mannitol with normotensive, normothermic anesthesia? ,8,1~ Radical surgery is recommended whenever possible.
